COOLNEW S A RESEARCH NEWSLETTER DEDICATED TO COOL STARS AND THE SUN

No. 117 — November 2005 Editor: Steve Skinner (coolnews@jila.colorado.edu)

TABLE OF CONTENTS

Stellar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Solar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 Low-Mass & Substellar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 Abstract Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Stellar Abstracts

Oxygen from the λ7774 High-Excitation Triplet in Open Cluster Dwarfs: Hyades

Simon C. Schuler^1, Jeremy R. King^1, Donald M. Terndrup^2, Marc H. Pinsonneault^2, Norman Murray^3, and L.M. Hobbs^4 1 Dept. of Physics & Astronomy, Clemson University, 118 Kinard Laboratory, Clemson, SC 29634 USA 2 Dept. of Astronomy, The Ohio State University, 140 West 18th Ave., Columbus, OH 43210 USA 3 Canadian Institute for Theoretical Astrophysics, University of Toronto, 60 St.George Street, Toronto, ON M5S3H8 Canada 4 University of Chicago, Yerkes Observatory, Williams Bay, WI 53191 USA

Oxygen abundances have been derived from the near-IR, high-excitation λ7774 O I triplet in high-resolution, high signal-to-noise spectra of 45 Hyades dwarfs using standard one dimensional, plane-parallel LTE models. Effective temperatures of the stellar sample range from 4319 − 6301 K, and the derived relative O abundances as a function of T_{eff} f evince a trichotomous morphology. At T_{eff} > 6100 K, there is evidence of an increase in the O abundances with increasing T_{eff} , consistent with non-LTE (NLTE) predictions. At intermediate T_{eff} f (5450 ≤ T_{eff} ≤ 6100 K), the O abundances are flat, and star-to-star values are in good agreement, having a mean value of [O/H] = +0.25 ± 0.02; however, systematic errors at the ≤ 0.10 dex level might exist. The O abundances for stars with T_{eff} ≤ 5450 K show a striking increase with decreasing T_{eff} , in stark contrast to expectations and canonical NLTE calculations. The cool Hyades triplet results are compared to those recently reported for dwarfs in the Pleiades cluster and the UMa moving group; qualitative differences between the trends observed in these stellar aggregates point to a possible age-related diminution of triplet abundance trends in cool open cluster dwarfs. Correlations with age-related phenomena, i.e., chromospheric activity and photospheric spots, faculae, and/or plages, are investigated. No correlation with Ca II H+K chromospheric activity indicators is observed. Multi-component LTE “toy” models have been constructed in order to simulate photospheric temperature inhomogeneities that could arise from the presence of starspots, and we demonstrate that photospheric spots are a plausible source of the triplet trends among the cool dwarfs.

Accepted by ApJ For preprints contact: sschule@ces.clemson.edu

For preprints via ftp or WWW: http://www.ces.clemson.edu/∼sschule/publications.htm

Photospheric and Chromospheric Active Regions on Three Single-lined RS CVn Binaries

K. Biazzo^1, A. Frasca^2, S. Catalano^2 and E. Marilli^2

1 Department of Physics and Astronomy, University of Catania, via S. Sofia 78, I–95123 Catania, Italy 2 INAF - Catania Astrophysical Observatory, via S. Sofia 78, I–95123 Catania, Italy

A monitoring of three active RS CVn binaries has been performed with medium resolution spectroscopy with the aim of investigating the behavior of chromospheric and photospheric inhomogeneities. Surface temperature, as recovered from line-depth ratios (LDRs), allowed us to map the photospheric spots, while the Hα emission has been used as an indicator of chromospheric inhomogeneities. We have found that the rotational modulation of the Hα emission is always in anti-phase with the temperature wave, i.e. at the time of our observations active regions at chromospheric and photospheric levels are closely spatially associated in these active stars. The residual Hα profiles, obtained as the difference between the observed spectra and non-active templates, are well reproduced by a two Gaussian fitting. The broad emission component, responsible for the wide emission wings in near all the spectra, is often blue-shifted with respect to the center of the stellar disk. The narrow Hα emission displays a phase-dependent variation in all stars and is anti-correlated with the photospheric diagnostics, while the broad one displays no or little rotational modulation. We suggest that the broad emission component is mainly related to physical phenomena, like micro-flaring or strong chromospheric velocity fields, occurring all over the star disk, while the central narrow emission is more affected by chromospheric plages. We have also detected a modulation of the intensity of the Hei D_3 line with the star rotation, suggesting surface features also in the upper chromosphere of these stars. Accepted by A&A

For preprints contact: kbiazzo@oact.inaf.it For preprints via ftp or WWW:

ftp ftp.oact.inaf.it, username: anonymous, password: your address, cd pub/kbiazzo, bin, get ms3213.tar.gz

Water Vapor on Betelgeuse as Revealed by TEXES High-Resolution 12 μm Spectra

N. Ryde^1, G. M. Harper^2, M. J. Richter^3, T. K. Greathouse^4 and J. H. Lacy^5

1 Groupe de Recherche en Astronomie et Astrophysique du Languedoc (GRAAL), Université Montpellier II, Montpellier, France 2 Center for Astrophysics and Space Astronomy - Astrophysics Research Lab, 593 UCB, University of Colorado, Boulder, CO 80309-0593 3 Department of Physics, University of California at Davis, CA 95616 4 Lunar and Planetary Institute, Houston, TX 77058-1113 5 Department of Astronomy, University of Texas at Austin, TX 78712-1083 The outer atmosphere of the M supergiant Betelgeuse is puzzling. Published observations of different kinds have shed light on different aspects of the atmosphere, but no unified picture has emerged. They have shown, for example, evidence of a water envelope (MOLsphere) that in some studies is found to be optically thick in the mid-infrared. In this paper, we present high-resolution, mid-infrared spectra of Betelgeuse recorded with the TEXES spectrograph. The spectra clearly show absorption features of water vapor and OH. We show that a spectrum based on a spherical, hydrostatic model photosphere with T_{ef f} = 3600 K, an effective temperature often assumed for Betelgeuse, fails to model the observed lines. Furthermore, we show that published MOLspheres scenarios are unable to explain our data. However, we are able to model the observed spectrum reasonably well by adopting a cooler outer photospheric structure corresponding to T_{mod} = 3250 K. The success of this model may indicate the observed mid-infrared lines are formed in cool photospheric surface regions. Given the uncertainties of the temperature structure and the likely presence of inhomogeneities, we cannot rule out the possibility that our spectrum could be mostly photospheric, albeit non-classical. Our data put new, strong constraints on atmospheric models of Betelgeuse and we conclude that continued investigation requires consideration of non-classical model photospheres as well as possible effects of a MOLsphere. We show that the mid-infrared water-vapor features have great diagnostic value for the environments of K and M (super-) giant star atmospheres.

Accepted by ApJ For preprints contact: ryde@astro.uu.se (continued →)

For preprints via ftp or WWW: http://arxiv.org/abs/astro-ph/0510177

Evidence of the FIP Effect in the Coronae of Late-type Giants

D. García-Alvarez^1, Jeremy J. Drake^1, B. Ball^1, LiWei Lin^1, Vinay L. Kashyap^1

1 Harvard-Smithsonian CfA, Cambridge, MA 02138, USA β Cet, 31 Com and μ Vel represent the main stages through which late-type giants evolve during their lifetime (the Hertzsprung gap (31 Com), the rapid braking zone (μ Vel) and the core helium burning “clump” phase (β Cet)). An analysis of their high resolution Chandra X-ray spectra reveals similar coronal characteristics in terms of both temperature structure and element abundances for the more evolved stars (μ Vel and β Cet) with slight differences for the ‘younger’ giant (31 Com). The coronal temperature structure of 31 Com is significantly hotter showing a clear peak while β Cet and μ Vel show a plateau. β Cet and μ Vel show evidence for a FIP effect in which coronae are depleted in high FIP elements relative to their photospheres by a factor of ∼ 2. In contrast, 31 Com is characterized by a lack of FIP effect. In other words, neither depletion nor enhancement relative to stellar photospheric values is found. We conclude that the structural changes during the evolution of late-type giants could be responsible for the observed differences in coronal abundances and temperature structure. In particular, the size of the convection zone coupled with the rotation rate seem obvious choices for playing a key role in determining coronal characteristics.

Accepted by ApJ For preprints contact: dgarcia@cfa.harvard.edu For preprints via WWW: http://hea-www.harvard.edu/∼dgarcia/publications.html

X-Ray Spectral Variability During an Outburst in V1118 Ori

Marc Audard^1, Manuel Güdel^2, Stephen L. Skinner^3, Kevin R. Briggs^2, Frederick M. Walter^4, Guy Stringfellow^3, Ryan T. Hamilton^5 and Edward F. Guinan^5 1 Columbia Astrophysics Laboratory, Mail code 5247, 550 West 120^{th} Street, New York, NY 10027, USA 2 Paul Scherrer Institut, 5232 Villigen PSI, Switzerland 3 CASA, University of Colorado, 389 UCB, Boulder, CO 80309-0389, USA 4 Department of Physics and Astronomy, Stony Brook University, Stony Brook, NY 11794- 3800, USA 3 Department of Astronomy and Astrophysics, Villanova University, Villanova, PA 19085, USA We present results from a multi-wavelength campaign to monitor the 2005 outburst of the low-mass young star V1118 Ori. Although our campaign covers the X-ray, optical, infrared, and radio regimes, we focus in this Letter on the properties of the X-ray emission in V1118 Ori during the first few months after the optical outburst. Chandra and XMM-Newton detected V1118 Ori at three epochs in early 2005. The X-ray flux and luminosity stayed similar within a factor of two, and at the same level as in a pre-outburst observation in 2002. The hydrogen column density showed no evidence for variation from its modest pre-outburst value of N_H ∼ 3 × 10^{21} cm^{−2}. However, a spectral change occurred from a dominant hot plasma (∼ 25 MK) in 2002 and in January 2005 to a cooler plasma (∼ 8 MK) in February 2005 and in March 2005. We hypothesize that the hot magnetic loops high in the corona were disrupted by the closing in of the accretion disk due to the increased accretion rate during the outburst, whereas the lower cooler loops were probably less affected and became the dominant coronal component. Accepted by ApJ Letters For preprints contact: audard@astro.columbia.edu

For preprints via ftp or WWW: http://arxiv.org/abs/astro-ph/0510859 Editor’s Note: The above abstract is being cross-listed with the Star Formation Newsletter.

Anomalous X-ray Line Ratios in the cTTS TW Hya

Jan-Uwe Ness^1 and Jürgen H.M.M. Schmitt^2

1 Department of Physics, Rudolf Peierls Centre for Theoretical Physics, University of Oxford, 1 Keble Road, Oxford OX1 3NP, UK 2 Hamburger Sternwarte, Universität Hamburg, Gojenbergsweg 112, D-21029 Hamburg, Germany

The cTTS TW Hya has been observed with high-resolution X-ray spectrometers. Previously found high densities inferred from He-like f/i triplets strongly suggested the detected X-ray emission to be dominated by an accretion shock. Because of their radiation field dependence He-like f/i ratios do not provide unambiguous density diagnostics. Here we present additional evidence for high densities from ratios of Fe xvii lines. Key Fe xvii line ratios in TW Hya deviate from theoretical expectations at low densities as well as from the same measurements in a large sample of stellar coronae. However, a quantitative assessment of densities is difficult because of atomic physics uncertainties. In addition, estimates of low optical depth in line ratios sensitive to resonance scattering effects also support a high-density emission scenario in the X-ray emitting regions of cTTS. Accepted by A&A Letters

For preprints contact: ness@thphys.ox.ac.uk For preprints via ftp or WWW: astro-ph/0510749

Editor’s Note: The above abstract is being cross-listed with the Star Formation Newsletter.

Solar Abstracts

Repetitive Occurrence of Explosive Events at a Coronal Hole Boundary

J.G. Doyle^1, M.D. Popescu^{1,2} and Y. Taroyan^1 1 Armagh Observatory, College Hill, Armagh BT61 9DG, N. Ireland 2 Astronomical Institute of the Romanian Academy, RO-040557 Bucharest 28, Romania

SUMER/SoHO data taken at a coronal hole boundary show a repetitive explosive event occurrence rate of around 3 min increasing to over 5 min towards the end of the activity. We suggest that the neighbouring oppositely directed closed and open field lines at the coronal hole boundary undergo repetitive reconnection seen as a sequence of explosive events. The repetitive reconnection may be triggered by transverse oscillations of the flux tubes in the closed field line region. These oscillations periodically separate and bring together the closed and open field lines on the two sides of the coronal hole boundary. An important indicator favouring the interpretation in terms of a kink mode is the observed increase in the oscillation period. Accepted by A&A For preprints contact: jgd@arm.ac.uk

For preprints via ftp or WWW: http://star.arm.ac.uk/preprints/

A Necessary Extension of the Surface Flux Transport Model

I. Baumann^1, D. Schmidt^1 and M. Schüssler^1

Max-Planck-Institut für Sonnensystemforschung, 37191 Katlenburg-Lindau, Germany Customary two-dimensional flux transport models for the evolution of the magnetic field at the solar surface do not account for the radial structure and the volume diffusion of the magnetic field. When considering the long-term evolution of magnetic flux, this omission can lead to an unrealistic long-term memory of the system and to the suppression of polar field reversals. In order to avoid such effects, we propose an extension of the flux transport model by a linear decay term derived consistently on the basis of the eigenmodes of the diffusion operator in a spherical shell. A decay rate for each eigenmode of the system is determined and applied to the corresponding surface part of the mode evolved in the flux transport model. The value of the volume diffusivity associated with this decay term can be estimated to be in the range 50–100 km^2s^{−1} by considering the reversals of the polar fields in comparison of flux transport simulations with observations. We show that the decay term prohibits a secular drift of the polar field in the case of cycles of varying strength, like those exhibited by the historical sunspot record. Accepted by A&A

For preprints contact: baumann@oma.be For preprints via WWW: http://www.mps.mpg.de/homes/baumann/papers/AA3488.pdf Category: solar

Solar Cycle As A Forced And Damped Harmonic Oscillator : Long-term Variations Of The Amplitudes, Frequencies And Phases

K. M. Hiremath^1

1Indian Institute of Astrophysics, Bangalore-560034, India We model the solar activity cycle as a forced and damped harmonic oscillator which consists of two parts, viz., sinusoidal and transient parts. The amplitudes, frequencies, phases and decay factors of such a harmonic oscillator are determined from fitting the equation of sinusoidal and transient parts to the sunspot data for the years 1755-1996 (cycles 1-22) and the results are : (i) there is a long-term decreasing trend in the phase, while the amplitude and the frequency (or period of ∼ 11 yrs) of the sinusoidal part remain constant for all the solar cycles, (ii) the amplitude of the transient part is phase locked with the phase of the sinusoidal part , (iii) for all the cycles, the period and decay factor (that is much less than 1) of the transient part remain approximately constant, (iv) except cycles 6 and 15, the phases of the transient part are approximately constant with a magnitude of ∼ π/2 radians and, (v) for the cycles 6 and 15, the simultaneous change in magnitude of phase difference (∼ 2π radians) between the transient and sinusoidal parts and of very low sunspot activity may be due to the Maunder minimum type of oscillations. The constancy of the amplitudes and the frequencies of the sinusoidal part and a very small decay factor from the transient part suggests that the solar activity cycle mainly consists of persistent oscillatory part that might be compatible with long-period (∼ 22 yrs) Alfven oscillations.

Accepted by A&A For preprints contact: hiremath@iiap.res.in

Supergranule Superrotation Identified as a Projection Effect

D. H. Hathaway^1 , P. E. Williams^2 and M. Cuntz^2

1 NASA Marshall Space Flight Center, Huntsville, AL 35812, USA 2 Department of Physics, University of Texas at Arlington, Box 19059, Arlington, TX 76019, USA Previous measurements of the rotation rate of the supergranule Doppler velocity pattern revealed surprising characteristics: (1) the pattern rotates faster than the plasma at the surface and, at each latitude, it rotates faster than the plasma at any level below the surface (superrotation), (2) larger cells rotate more rapidly than smaller cells, and (3) faster rotation rates are found when using cross-correlation techniques with larger time-lags between Doppler images. We simulate the supergranulation velocity pattern using a spectrum for the cellular flows that matches the observed spectrum but we keep the pattern unchanged and rotating rigidly. Our simulation shows that the superrotation and its dependence upon cell size can be largely reproduced by projection effects on the line-of-sight Doppler velocity signal. The remaining variation in rotation rate with cell size can be attributed to cells smaller than supergranules extending through shallower layers which have slower rotation rates. Accepted by ApJ

For preprints contact: david.hathaway@nasa.gov For preprints via WWW: http://science.nasa.gov/ssl/pad/solar/papers.htm

Low-Mass and Substellar Abstracts

Improved Kinematics for Brown Dwarfs and Very Low-mass Stars in Cha I and a Discussion of Brown Dwarf Formation

V. Joergens^1 1 Leiden Observatory / Sterrewacht Leiden, P.O.Box 9513, 2300 RA Leiden, Netherlands

We present a precise kinematic study of very young brown dwarfs in the Cha I cloud based on radial velocities (RVs) measured with UVES at the VLT. The kinematics of the brown dwarfs in Cha I are compared to the kinematics of T Tauri stars in the same field based on UVES measurements for very low-mass ones and based on RVs from the literature. In comparison with a former paper (Joergens & Guenther 2001), additional UVES spectra have been taken, the reduction of the spectra was improved and a re-study of the literature for RVs of T Tauri stars in Cha I lead to a cleaned and enlarged sample for the T Tauri stars. The result is an improved empirical RV distribution of the brown dwarfs as well as of the T Tauri stars in Cha I. We find that the RVs of the studied nine brown dwarfs and very lowmass stars (M6–M8) in ChaI have a mean value of 15.7 km s^{−1}, a dispersion measured in terms of standard deviation of 0.9 km s^{−1}, and they cover a total range of 2.6 km s^{−1}. The standard deviation is consistent with the dispersion measured in terms of fwhm of 2.1 km s^{−1} by Joergens & Guenther (2001). The studied sample of 25 T Tauri stars (G2–M5) has a mean RV of 14.7 km s^{−1}, a dispersion in terms of standard deviation of 1.3 km s^{−1} and in terms of fwhm of 3.0 km s^{−1} and a total range of 4.5 km s^{−1}. The RV dispersion of the brown dwarfs is consistent within the errors with that of the T Tauri stars, which is in line with the finding of no mass dependence in some theoretical models of the ejection-scenario for the formation of brown dwarfs. In contrast to current N-body simulations, we do not find a high-velocity tail for the brown dwarfs RVs. We find suggestive hints for different kinematics of binaries compared to predominantly single objects in Cha I, as suggested by some models. The global RV dispersion for Cha I members (1.24 km s^{−1}) is significantly lower than for Taurus members (2.0 km s^{−1}), despite a larger stellar density in Cha I showing that a fundamental increase of velocity dispersion with stellar density of the star forming region is observationally not established. The observed RVs of brown dwarfs in Cha I are less dispersed than predicted by any of the models for the ejection-scenario. Accepted by A&A

For preprints contact: viki@strw.leidenuniv.nl For preprints via ftp or WWW: http://www.strw.leidenuniv.nl/∼viki or: http://xxx.uni-augsburg.de/abs/astro-ph/0509462

Abstract Guidelines

Abstracts for COOLNEWS are solicited for papers that have been recently accepted by or submitted to refereed journals, and for recent Ph.D. theses. Abstracts for conference proceedings articles are not posted in COOLNEWS. The subject matter should pertain directly to cool stars (spectral types F,G,K,M or L), substellar objects, or the sun. Both theoretical and observational abstracts are appropriate.

Abstracts dealing with cool pre-main-sequence (PMS) stars will generally not be included in COOLNEWS, since they are already covered by the Star Formation Newsletter. Exceptions to this rule will be considered if the subject matter is truly cross-disciplinary. If you wish to submit a cross-disciplinary abstract on PMS stars, then first submit it to the Star Formation Newsletter. After doing so, submit the abstract to COOLNEWS accompanied by a short e-mail stating that it has already been submitted to the Star Formation Newsletter, and summarizing why it will be of interest to the cool star/solar community at large.

A monthly call for abstracts will be issued and abstracts received by the last day of the month will usually appear in the following month’s newsletter. Announcements of general interest to the cool star and solar communities may also be submitted for posting in the newsletter. These might include (but are not restricted to) the following: (i) Job Openings directed toward cool star or solar researchers, (ii) announcements of Upcoming Meetings, (iii) announcements of Upcoming Observing Campaigns for which participation is solicited from the community at large, (iv) reviews of New Books, and (v) General Announcements that provide or request research-related information. Please send all correspondence to the editor at coolnews@jila.colorado.edu. Abstract templates and back issues can be obtained from the COOLNEWS Web-page at

http://casa.colorado.edu/~skinners/coolnews.html .

*** Please send abstracts in the body of the message and not as attachments.***